The present work established a method, using High Performance Liquid Chromatography (HPLC) analysis, for the identification and quantification of five phenolic compounds. Chromatographic separation was performed by a reversed phase C18 column with a mobile phase consisting of methanol and aqueous 0.1% phosphoric acid in a ratio (10:90). The calibration curves showed excellent coefficients of determination (R 2 ≥ 0.99) within the concentrations tested. The recoveries were 84.09% to 99.98% for spiked samples. The method can be adapted for the detection of phenolic compounds, which can be applied to monitor the effluent discharged into the environment.
INTRODUCTION
The effluents of an oil refinery are wastes that originated from industries are involved in the refining of crude oil, manufacturing fuels, lubricants and petrochemical byproducts. These effluents consist of oil and grease, together with other highly toxic organic compounds (Abdelwahab et al., 2009).
Effluents are formed by industrial organic and inorganic components created from raw materials, especially hydrocarbons. These contaminants, in nature, lead to severe environmental impacts due to their high oxygen demand and toxicity of the individual components in wastewater. Thus, restrictive regulations indicate the minimum levels allowed for disposal ( The importance of detecting the presence of toxic substances and assess their impact on the environment is recognized globally. These actions lead to the development of a series of methodologies targeting environmental protection. The occurrence of phenolic compounds in wastewater has become a matter of international concern because of its adverse effects on human health and its dangerousness, persistence, and bioaccumulation in animals and plants ( The presence of different concentrations of phenolic compounds has been detected in surface waters, causing a major concern facing the population. Studies have found toxicity in aquatic organisms, being detected in fish and plants. Moreover, polluted water bodies also serve as a source of drinking water for cities HPLC is a separation technique that, in less than thirty years, has become one of the most widely used analytical methods for qualitative and quantitative determinations. The reasons for this growth are related to its adaptability to quantitative analysis with suitable sensitivity. Using HPLC, one is able to perform the separation of nonvolatile and thermally unstable analytes, especially for applications in environmental samples (Collins, 2009) . In analytical chemistry, to generate unambiguous data, free of error and uncertainty, is a difficult task. However, knowing the performance characteristics of a particular method, it becomes possible to ensure that the analytical measurements carried out by this method are close to the true unknown value, using the validation of analytical methods (Gozález and Herrador, 2007; Moraci, 2008).
Validation involves procedures that demonstrate the reliability of the method. The results validated provide credibility, precision, and accuracy. Although there is no agreement on which parameters should be included in a validation process, one should consider the following parameters (Lanças, 2009; Rambla-Alegre et al., 2012): linearity, accuracy, repeatability, selectivity, limit of quantification (LOQ), and limit of detection (LOD). Linearity indicates the ability to provide results directly proportional to the concentration of analyte in the sample in a given concentration range The equation of the line obtained by the least squares method can be used to estimate the coefficients of the analytical curve and can be described as equation 1.
Y=ax+b
(1)
Where: Y = dependent variable, measured response; x = independent variable, concentration of analyte; a = angular coefficient, expresses the slope of the graph to the axes; and b = linear coefficient, expresses the intersection with the axes of the graph.
The correlation coefficient indicates the percentage of variance explained. Thus, the closer to 1 a correlation is (R 2 ), the better the fit of the model will be (Otomo, 2010). The regulatory agency recommends a minimum of five concentration levels with a coefficient above 0.90 (INMETRO, 2003) . Precision is a parameter evaluated based on the absolute standard deviation (SD), which uses a significant number of measurements, typically greater than 20. Another expression of precision is given by estimating the relative standard deviation (RSD), also known as the coefficient of variation (CV), represented by equation 2:
Where: s = estimate of the standard deviation; =average.
Typically, methods for quantifying compounds in large amounts require a macro RSD of 1 to 2%. For trace impurities, analytical methods RSD up to 20% are accepted, depending on the complexity of the sample (Huber, 1998). The standard addition method is applicable when it is not possible to obtain a sample free of the substance of interest. Based on the method of recovery, which is a ratio of the amount of substance of interest present and added to the sample, it is possible to extract and quantify the analyte (Souza, 2011). In practice, the study of recovery is accomplished by adding known concentrations of the analyte in the sample 
Where: C 1 = concentration determined in the sample with addition of the standard; C 2 = concentration determined in the sample without addition of the standard; and C 3 = concentration of added standard.
The limit of detection (LOD) is the smallest amount of an analyte which can be detected. However, it is not necessary to quantify an exact value (Lanças, 2009). The presence of analyte can be calculated in several ways: using the visual method. LOD is estimated by multiplying 3 times standard deviation of the response (3 * s), divided by the slope or gradient ( 
Where: s = estimate of the standard deviation and S = slope of the analytical curve. This study focuses on validating analytical methodology for identification and quantification of phenolic compounds, with mutagenic and carcinogenic action, from industrial effluents. The validation process has provided objective evidence that the system and method are suitable for the intended use.
MATERIALS AND METHODS

Preparation of standard solutions
All the standards (phenol, hydroquinone, catechol, resorcinol, and p-benzoquinone) were weighed separately in analytical balance, accurate to 4 decimal places, and had values equivalent to 2000mg. Table 1 , 15 different dilutions were made (2, 4, 6, 8, 10, 20, 30, 50, 70, 80, 100, 120, 140, 160, and 200mg.L -1 ) for phenol, hydroquinone, catechol, resorcinol, and p-benzoquinone together. Then, immediately following the dilution, the samples were analyzed by High Performance Liquid Chromatography (HPLC) (Shimadzu -Prominence).
Determination of phenol using HPLC
The experiment used a HPLC C18 reversed phase column (5μm, 4.6 x 250 mm) and an UV detection (SPD-20A), for wavelengths between 254 and 270 nm for the determination of phenol and aromatic intermediates. The mobile phase consisted of a water solution acidified with phosphoric acid and methanol at a ratio of (90:10) with a flow of 0.75mL min -1 in isocratic mode.
Validation procedure
The validation procedure was performed as described in the introduction. The recovery was performed by adding known concentrations of the analyte in the sample. Various concentrations of standard (6, 10, and 30mg.L 
RESULTS AND DISCUSSION
Validation of analytical parameters:
analysis by HPLC Seven analytical curves for phenol and its key intermediates (hydroquinone, resorcinol, catechol and p-benzoquinone) were prepared with eight different concentrations each. To identify each compound analyzed in the matrix by HPLC, the retention time was measured. This study, found that phenol had a retention time of 24.5min -hydroquinone; 7.5min -catechol; 14.5min -pbenzoquinone; 12.0min; and resorcinol, 11.8min. The compounds phenol, hydroquinone, resorcinol, and catechol were detected at a wavelength of 270nm and p-benzoquinone at 254nm. From the obtained peak areas it was possible to calculate the mean and standard deviation between the areas. After obtaining these results, verified the existence of outliers by the method, through Grubbs' test. This test, note anomalous outliers appear larger or smaller than the group measures. Equations 6 and 7 are shown below:
Where: G < = Grubbs' test to the lowest measured value; G > = Grubbs' test for the greatest measured The mean area of each concentration of the compounds was carried out for 7 replicates, minimum required by regulatory agencies. Tables 2  and 3 show the results for the mean area, the standard deviation and Grubbs' test. The values obtained for the Grubbs' test had a value less than or equal to 2.020, which confirmed a confidence level of 95% when considering the 7 replicates areas (Barros Neto et al., 2002 ).
Analysis of linearity
The linearity of the method was assessed by analytical curves of each compound, considering the correlation coefficient (R 2 ) obtained by linear regression. Table 4 shows the linear ranges for each of the studied compounds, as well as equations of the lines and correlation coefficients obtained. Table 4 shows that the values of the respective compounds correlations were above 0.99, being in accordance with the standards required by the regulatory agencies (ANVISA, 2003; INMETRO, 2010) . The graphic representations of calibration curves for each of the compounds can be visualized in Figures 3 and 4 . Tables 7 and 8 show the results of LOQ and LOD, respectively, for each of the organic compounds examined. 
Limit of Detection and Quantification
Analysis of accuracy
The experiments were performed in triplicate. The calculations for recovery were obtained according to equation 2. The results of the analysis (Table 9) show that, for all organic compounds studied, the average percentage of recoveries obtained were equal or higher than 84%. These results demonstrate that the values were within the range recommended in the literature of 50 to 120% for complex samples ( 
CONCLUSIONS
The analytical methodology used a reverse phase HPLC that allowed a rapid detection and quantification of the phenolic compounds. The method comprised a mobile phase consisting of water acidified with phosphoric acid, methanol pH 2.2 (90:10), and UV detection at 270nm for the compounds phenol, resorcinol, hydroquinone, and catechol, and 254nm for p-benzoquinone. The technique was sensitive enough to identify and quantify all compounds proposed in this paper.
The proposed analytical method for the detection and quantification of five compounds were satisfactory in terms of linearity, precision, accuracy and stability in the range of interest.
The issues addressed in this work highlight the importance of validating the analytical methodology applied in chromatography. In the experimental part, the results show that all main parameters for validation of analytical methods required were within the range established by regulators. 
